Abstract. Atmospheric concentrations of the two main greenhouse gases (GHGs), carbon dioxide (CO2) and methane (CH4), are continuously measured since November 2012 at the Spanish rural station of Gredos (GIC3), within the climate network ClimaDat, together with atmospheric radon ( 222 Rn) tracer and meteorological parameters. The atmospheric variability of CH4
about 70-100 Bq m -2 h -1 (e.g. López-Coto et al., 2013; Karstens et al., 2015) which is almost twice the average radon flux in central Europe (Szegvary et al., 2009 , López-Coto et al., 2013 Grossi et al., 2016) . The vegetation at GIC3 area is stratified according to the altitude and the main land use practice is a mixture of agro-forestry exploitation ( Figure 1 ). Particularly, livestock farming is one of the main economic activities in the area around GIC3 station (Ruiz Perez and Valero Sáez, 1990; López Saéz et al., 2009; MMA, 2016; Hernández, 2016) . In the GNP the seasonal migration of livestock starts in early November, when they travel to the south of the Iberian Peninsula, and they do not return until late May-mid June (Ruiz Perez and Valero Sáez, 1990) . In Figure 2 a map of the main Spanish transhumant paths is presented. The path used by the livestock present at GIC3 region is presented as a zoom-in subplot, indicating the entrance location (Puerto del Pico). Unfortunately, specific reports with data about the mobility rate of cattle or a local livestock count for individual months of the year are 100 not available for the GIC3 area.
Besides livestock activities, there are four medium-size to large cities in the wider area surrounding GIC3. Several activities present in these cities, e.g. landfills or waste water treatment plants, represent CH4 sources which could influence methane concentrations observed at GIC3 station under specific synoptic conditions. The metropolitan area of Madrid which comprises Salamanca (84 km to the north-west) and Ávila (55 km to the north-east) only have 229,000 and 59,000 inhabitants, respectively. More information about these four cities is reported in Table S1 of the supplement. Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2017-478 Manuscript under review for journal Atmos. Chem. Phys. Discussion started: 6 October 2017 c Author(s) 2017. CC BY 3.0 License.
FLEXPART_RTM_CH4 fluxes (FR_CH4)
The RTM is a well known method (e.g. Hammer and Levin 2009 ) and it has been used in this study, following the implementation described in Vogel et al. (2012) , to obtain observationbased estimates of the nocturnal CH4 fluxes at GIC3. The RTM uses atmospheric measurements of ²²²Rn and measured, or modelled, values of its
222
Rn fluxes together with atmospheric 160 concentrations of a gas, i.e. CH4, in order to retrieve the net fluxes of the latter gas (e.g. Hammer and Levin 2009; Grossi et al., 2014) . This method is based on the main assumption that the nocturnal lower atmospheric boundary layer can be described as a well-mixed box of air (Schmidt et al. 1996; Levin et al., 2011; Vogel et al., 2012) . In this atmospheric volume the variation of the concentration of any tracer with time Ci(t) will be proportional to the flux of the tracer Fi(t) and inversely proportional to the height of the boundary layer (hi(t)) (Eq.1; e.g. Galmarini, 2006; Griffiths et al., 2012; Grossi et al., 2014) .
The boundary layer is considered homogeneous within the box and with a time varying height. No significant horizontal advection is considered due to stable atmospheric conditions (Griffiths et al., 2012) . Observing the concentration increase of two gases that fulfil the assumptions, here CH4 and 222 Rn, and knowing the flux of 222 Rn then the flux of CH4 can be calculated (Levin et al., 2011) . A description of the specific criteria used to implement the RTM, which include selection criteria to reject situations with unstable atmospheric conditions, 170 remote influences on the concentration and outliers detection, can be found in detail in Vogel et al. (2012) . Grossi et al. (2014) previously applied the RTM for the first time at the GIC3 station using only a 3-months dataset and with a constant (in time and space) (Stohl, 1998) . Radon flux data were calculated as explained in the following paragraph and 180 the footprints obtained are described in section 2.4.3.
. The radon flux model (from now on named UHU model) employed in this work has been described in detail by López-Coto et al. (2013) . By using this model, a time-dependent inventory was calculated for the period 2011-2014 employing several dynamic inputs, namely soil moisture, soil temperature and snow cover thickness. These data were obtained directly from 185
Weather Research and Forecasting (WRF) simulations (Skamarock et al., 2008) . A domain of 97 x 97 grid cells centred in Spain with a spatial resolution of 27 x 27 km 2 and a temporal resolution of 1 hour was defined. 222 Rn flux data calculated using this model were only available until November 2014 due to a lack of WRF simulations. In order to fulfil the period when modelled 222 Rn flux data were not available, from December 2014 to December 2015, a monthly climatology was calculated using the data set of UHU model for the years 2011-2014.
where FC(x,t) denotes the flux of a given grid cell x at time t derived from the EDGAR or UHU inventory map, separately. The weighting factor of each grid cell w(x,t) is calculated using FLEXPART footprint for each night over the 3 years period and it has been calculated normalizing the residence time of each grid cell over the nested domain.
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Results
In the present section we present the results of the daily and seasonal atmospheric CH4 variability at GIC3 station analysed using a record of 3-years hourly CH4 and 222 Rn time series.
Unfortunately, due to problems in the air sample system the 11 % of the total data set was not available.
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Since Grossi et al. (2016) presented a complete characterization of the main meteorological conditions and 222 Rn behaviour at GIC3, along with other Spanish stations, we will use these previous results to interpret the variability of the atmospheric processes and the variability of CH4 concentrations, as well as to interpret the dominating wind regimes for CH4 flux data analysis (Figures S1 and S2 of the supplement present the daily and monthly
222
Rn variations and the monthly wind regimes observed at GIC3 station).
Statistics of the daily and seasonal atmospheric CH4 variability 230
The 3-years hourly time series of atmospheric CH4 concentrations measured at the rural area of GIC3 shows a median value over the dataset is 1904.5 ppb with an absolute deviation of 29.6 ppb. The boxplots in Figure 3 The maximum hourly median methane concentration measured within the 3 years of observations is 1921.1 ppb and is observed at 03.00 UTC, whereas the minimum median value of 240 1889.9 ppb is observed at 13.00 UTC. The absolute standard deviation of the median is 16.97 ppb. The median daily amplitude at this station, between the minimum and the maximum, is of 31.18 ppb. CH4 concentrations usually start decreasing at GIC3 in the morning around 07.00 UTC and 08.00 UTC and begin to increase again in the afternoon around 17.00 UTC and 18.00 UTC. Nighttime CH4 concentrations present an absolute standard deviation of 60 ppb while for daytime concentrations it is of 30 ppb. For the monthly medians, Figure 3 (right panel)
shows that atmospheric median methane concentrations range between 1885.8 ppb and 1923.1 ppb. A light increase of methane concentrations seems to be observed between the first and the second semester of the year. 245 Figure 4 shows the daily and seasonal variability of the PBLH at GIC3 station. It can be observed that on a daily basis the PBLH reaches its minimum between 01.00 UTC and 07.00 UTC.
Daily and seasonal PBLH variability
Indeed, within this interval median PBLH values present minima of 45 m a.g.l. The PBLH starts to increase around 08.00 UTC, reaching its maximum between 14.00 UTC and 16.00 UTC 250 and then decreases again after 17.00 UTC. The maximum median PBLH value is 1037 m a.g.l. The absolute standard deviation is 283 m a.g.l.. On a monthly basis, the median PBLH reaches its minimum during winter months, January and December, with a value of 204 m a.g.l. The highest PBL heights are observed in summer months with typical values around 595 m a.g.l. and an absolute standard deviation of 204 m a.g.l.. The monthly PBLH is quite symmetric (around July as center-line) and many months in fall and spring experience similar PBLH distributions. Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2017-478 Manuscript under review for journal Atmos. Chem. Phys. Discussion started: 6 October 2017 c Author(s) 2017. CC BY 3.0 License. Figure 9 presents the time series of CH4 fluxes estimated at GIC3 station and Ti (grey shaded rectangles) indicates the time when transhumant livestock returns to the GNP after spending the winter in the south of Spain (Tapias, 2014; Rodríguez, 2015) . The green shaded areas indicate the periods, between June and December, when transhumant livestock typically stays inthe GIC3 region (Ruiz Perez and Valero Sáez, 1990; López Sáez et al., 2009; Libro Blanco, 2013) Figure S2 of the supplementary material, where monthly windrose plots for GIC3 station between 2013-2015 are shown. We can observe that there is no significant variability in monthly FE_CH4 flux values. In contrast, FR_CH4 flux results show a noticeable increase of CH4 fluxes between June and December that seems to be independent of the seasonally changing dominant wind directions. This is also uncorrelated with seasonally changing 222 Rn fluxes (Figure 7 ).
The seasonal change of CH4 fluxes between the first and the second half of the year at GIC3 could be indeed related to variations in the local CH4 emissions. In addition, the highest FR_CH4 355 flux values were observed in December, which also coincides with an increase of winds coming from the east in agreement with the monthly methane flux, based on EDGARv4.2, from the cities (FEC_CH4). Overall, cities contribution is only visible during certain months, especially when dominant wind conditions come from the East in the direction of the Madrid urban area (see Figure S2 of the supplement material). During the second semester of the year the difference between FR_CH4 and FE_CH4 fluxes is significantly reduced. 
